Our model combines an original description of the mPTP opening (Eqs. 1-7) and the model from Wacquier et al., 2017 1 , which has been developed to study Ca 2+ dynamics in a mitochondrial suspension. The main differences with the model for intact cells 2 stands in 1) the absence of terms describing Ca 2+ exchanges with the endoplasmic reticulum (i.e. Ca 2+ fluxes through SERCA pumps and IP 3 receptors) as the ER is not present in a mitochondrial suspension; 2) the absence of adenine nucleotides description as the amounts of cytosolic ATP and ADP in the medium used in the experiments are very low. Thus, the evolution equations for cytosolic and mitochondrial ADP and ATP are not considered, and the associated fluxes are set to zero in the evolution equation for voltage 3, 4 . Because there is no entry of ADP inside mitochondria, the concentration of mitochondrial ADP is also set to zero while [ATP] mito is maximal, i.e. the total concentration of mitochondrial adenine nucleotides.
• J in = A(heav(t − t * )heav(t * + 1 − t)) (S1)
• J MCU = V MCU • J H,leak = q 9 ∆Ψ + q 10 (S6)
Stochastic model
In the last section of the manuscript, we simulated a stochastic version of our deterministic model using a Gillespie's algorithm 6 . This approach allows to consider the effects of fluctuations and molecular noise that may be significant in individual mitochondria. This method requires that the variables and parameters expressed in concentration are converted into numbers of ions or molecules. A parameter, denoted Ω modulates these numbers of chemical species. It is directly proportional to the volume of the system. The iterative algorithm associates a propensity to each reaction or transport step in the model. Propensities depend on the numbers of molecules and kinetic parameters. At a given time, the algorithm randomly determines which reaction takes place. The probability of occurrence of a transition increases with its propensity. Then, the system is updated with respect to the chosen reaction, the time is incremented by a random number drawn from an exponential distribution function with mean equal to the inverse of the sum of the propensities, and the iterative process starts over.
In the stochastic section of this work, we simulated a single mitochondrion, and we used Ω = 5000, which corresponds to a mitochondrial volume equal to 1 fL. The algorithm was applied to the Eqs. 1,4,6 and 7. We chose to maintain C em constant, and thus did not consider the Eq. 5 in the algorithm.
Materials
Dulbecco's modified Eagle's medium and Williams' medium were from Life Technology (Invitrogen, Saint Aubin, France), Collagenase A from Boehringer (Roche Diagnostics, Meylan, France). Other chemicals were purchased from Sigma (Sigma-Genosys, Sigma-Aldrich Chimie, L'Isle d'AbeauChesnes, France).
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Isolation of mitochondria from mouse liver Mice livers were washed by retrograde perfusion in situ with a Sucrose Hepes buffer (250 and 20 mM, respectively) at pH 7.4. Livers were harvested and homogenised with an Ultra-Turrax (2000 rpm, 10 strokes), in the same medium at 4°C supplemented with 1 mM EGTA, 1 mM DTT, and a cocktail of Protease inhibitors (Invitrogen). The homogenate was centrifuged 5 min at 1500 x g. The supernatant was then centrifuged 10 min at 8000 x g to obtain the mitochondrial fraction. The mitochondrial fraction was washed one time in the measurement medium (Sucrose 50 mM, Succinate 10 mM, Tris 10 mM, CP 5 mM, pH 7.2 at room temperature (RT)), and resuspended in the same medium. Mitochondrial proteins concentration was determined with the BIORAD DC protein assay. 2 ml of mitochondrial suspension (1 mg/ml proteins) were transferred into the cuvette, a Varian Cary Eclipse Spectro fluorimeter, at RT and under continuous magnetic agitation.
Fluorescence measurements
Ca 2+ measurements were performed with Fluo-4 (2.5 µM, λ ex = 480, λ em = 520nm). In some experiments, mitochondrial membrane potential (∆Ψ) was evaluated at the same time as the Ca 2+ variations, using TMRM (invitrogen). We used TMRM in the quenching mode as ∆Ψ variations were expected to be fast 7 . In this case, 700 nM TMRM was added to the mitochondria 10 min before the start of the experiment. Then, the mitochondrial suspension was transferred into the cuvette, and Fluo-4 (2.5 µM) was added. The Varian Cary Eclipse Spectro fluorimeter allows us to record almost simultaneously the variations of extra-mitochondrial Ca 2+ (λ ex = 480, λ em = 520nm) and ∆Ψ (λ ex = 550, λ em = 580nm). Note that, in the quenching mode, a mitochondrial depolarisation will result in increasing fluorescent signal 7 . Figure S3 . Robustness analysis of the mPTP opening model. (A) A set of parameter values was considered to give bistability when three conditions are fulfilled. We considered bistability to be meaningful from a biological point of view if its range of occurrence exceeds 1 µM of added Ca 2+ , and if the two stable steady-states differ by at least 0.2 in terms of open mPTP ratio. As a last condition, we imposed that the state corresponding to the high conductance mode must be reached by the addition of less than 100 µM Ca 2+ . (B-D) Two parameters space. The parameters are varied from 10 to 1000 % of their default values. The default values are those listed in the Table S1. In blue: the system is bistable; in orange-coloured: the system has one stable steady-state; in yellow: the system oscillates. These oscillations, occurring at high mPTP opening and with periods of a few hundreds of seconds, would correspond to a situation where cells are dying, as for a sustained mPTP opening in the high conductance mode. 
